SUMMARY: One hundred and fourteen Rickettsia tsutsugamushi isolates , re covered from febrile patients in central Peninsular Malaysia , were antigenically analyzed by direct immunofluorescence using eight prototype strains . Twenty-nine antigenic types were detected. The TA763 , TA716, Karp and TA686 strains were the most common and occurred singly or in combination with each other or other strains in 86% of the isolates.
INTRODUCTION
Antigenic heterogeneity among strains of Rickettsia tsutsugamushi has been documented by the use of various techniques: (1) complement fixation (Bengtson, 1945 (Bengtson, , 1946 Shishido, 1964; Shirai and Wisseman , 1975) ; (2) cross-neutralization (Bell, Bennett and Whitman, 1946; Gauld , 1947, 1949; Fox, 1949; Miesse, Diercks and Danauskus, 1950; Plotnikova and Tarasevich , 1967) ; (3) toxin neutralization (Smadel et al., 1946) ; (4) cross-vaccination (Rights , Smadel and Jackson, 1948) ; and (5) immunofluorescence (Iida , Kawashima and Kawamura, 1965; Shirai and Wisseman, 1975) .
The existence of diverse antigenic types within a small geographic area was demonstrated by Miesse et al. (1950) , who studied eight strains of R . tsutsugamushi, seven of which were recovered from people who contracted the infection in an 81-hectare field in Malaya and the 8th was from a pool of trombiculid mites collected from a rat in the same field. These workers, using the cross serum neutralization test, placed the eight isolates into four different serogroups .
One of many prerequisites in the development of an effective scrub typhus vaccine is the identification of the most prominent antigenic strains associated with human disease. Recent investigations of scrub typhus in rural Malaysia (Brown et al., 1976 ) provided many isolates from febrile patients. This report describes the antigenic analysis of these isolates.
MATERIALS AND METHODS
Specimens and study sites : From March, 1975 to August, 1976 , blood specimens were collected from febrile patients attending either of two district hospitals or a rural health center in central Peninsular Malaysia (Fig. 1) . Mentekab district hospital is located in Pahang, while Kuala Pilah district hospital is in Negri Sembilan. The rural health center is located on a Federal Land Development Authority (FELDA) oil-palm plantation at Bukit Mendi, Pahang.
Rickettsial isolation: Freshly drawn blood samples were immediately inoculated intraperitoneally into pairs of laboratory mice. Subsequent passages were made, and isolations were confirmed by challenging the mice with the virulent Karp strain of R. tsutsugamushi (Brown et al., 1976) .
Antigen preparation: For preparation of antigens, mice were initially injected intraperitoneally with 1 ml of a 1% glycogen solution in Hank's BSS. (Shishido, 1962 (Shishido, , 1964 ment as they reacted only with the homologous antigens .
During the period from March , 1975 to August, 1976 isolates of R. tsutsugamushi were made from blood specimens collected from febrile patients attending the three medical facilities . Fifty-two of 114 isolates were from patients seen at Bukit Mendi health center, while 43 and 19 were those from Mentekab and Kuala Pilah district hospitals , respectively.
The isolates were antigenically characterized by the direct fluorescent antibody test (Table II) . Results showed that 89 of 114 (78%) isolates contained mixtures of two or more strains . Tabulating the frequency in which each prototype strain of R. tsutsugamushi occurs among the isolates demonstrated that the predominant strains were TA763 and TA716 (Table III) . The antigenic make-up of the isolates from the three medical treatment facilities was similar .
DISCUSSION
The findings of this study substantiated the existence of antigenic heterogeneity of scrub typhus isolates recovered from febrile patients in central Peninsular Malaysia. All 114 isolates reacted with at least one of the eight strains, and 89 (78%) reacted with two or more strains . On the basis of these reactions, 29 antigenic types were detected (Table II) the antigenic combinations which reacted with two or more prototype strains comprise a single organism with a mosaic of antigenic determinants or a mixture of organisms. There is evidence to suggest that recently isolated strains may contain mixtures. Elisberg et al. (1968) found that antigenic determinants were lost from human isolates upon serial passage in laboratory mice. The development of a plaque purification technique (Oaks et al., 1979) will now enable investigators to address the problem of multiple antigenicity. Whether or not our human isolates were mixtures of rickettsial strains, the occurrence of the Gilliam strain was limited. Of the 25 isolates in which only SHIRAI et al. Vol.32 one antigen was detected, 14 reacted with Gilliam. Furthermore, the Gilliam antigen appeared in combination with other antigens in only six isolates. Thus, Gilliam was not a common antigen and tended to exist alone when it appeared. The TA763, TA716, Karp and TA686 strains were the most common and occurred singly or in combination with each other or other strains in 86% of the isolates. Elisberg et al. (1978) recently reported the antigenic interrelationships among these eight strains of R. tsutsugamushi by indirect immunofluorescence. They observed that Karp, Kato, TA686 TA716, TA763 and TH 1817 strains shared disproportionate but significant antigens. The most significant amounts, however, were shared among TA686, TA716 and TA763 strains. Additionally, antibody responses in monkeys experimentally infected with Karp, TA686, TA716 or TA763 strain have provided evidence that these strains are antigenically related (unpublished data). Further demonstration of antigenic similarity was shown in the reactions of untreated antisera to Karp, TA686, TA716 and TA763 strains (Table I) , in which heterologous reactions occurred among the four strains. Shirai and wisseman (1975) studied 79 R. tsutsugamushi isolates from Pakistan by using complement fixation and direct immunofluorescence techniques for comparison with the Karp, Gilliam and Kato strains. They found that the majority of the isolates reacted with the Karp strain, although in many instances the degree of reactivity was low. One can speculate that many of the isolates, which showed low reactivity to Karp, may have been one of the Karp-related strains.
Antigenic heterogeneity has contributed to difficulties in preparing an effective scrub typhus vaccine. In fact, the identification of multiple antigenic types, or sero-groups, has often discouraged the pursuit of a vaccine. With few exceptions, most previous studies demonstrating antigenic heterogeneity among R.tsutsugamushi strains were done using limited numbers of isolates and often did not include a comparison with established prototype strains. In the current study, 114 human isolates were examined. All reacted with at least one of the prototype strains; however, none reacted with TA6 7 8 and only a few reacted with the Kato strain. Thus, of the 29 antigenic types identified, only six antigens, existing singly or in combination, accounted for 27 different antigenic types. If the majority of the infections throughout the endemic region are caused by a few related antigens, difficulties in selecting strains to be incorporated into vaccines may be overcome.
